INTRODUCTION
Pakistan is deficient in major food products. Self-sufficiency in food has virtually always been a major priority, because imports of wheat, edible oil, sugar, pulses and milk products put a massive burden on the balance of payments for the country. The increase in the production of oilseed has been a priority goal of the agricultural development policy in Pakistan.
The oilseed crops have been validated as alternative crops on several target locations of different agro-ecological zones [PARC (1990) ]; but the success of this validation work in terms of their dissemination is very limited. The possibility of including these crops in well established systems needed to be well conceived. The selection of farming systems, which have the potential to adopt such crops, is a prerequisite to investigate the problems and prospects of oilseed crops.
The emphasis of the study is, therefore, on the identification of typical farm situations where the oilseed crops can be evaluated for their potential inclusion in the cropping plans. A real decision-making environment in agriculture involves several objectives along with their explicit targets. Hence, farmers' behaviour cannot be adequately explained in terms of a single criterion of maximisation of profit. Thampapillai and Sinden (1979) indicated that a single monetary objective in past decisions was mainly dominant as a result of problems in the measurement of nonmoney value effects. The several methodological studies [Ignizio (1978) ; Romero (1985) ; Buchanan (1986) ; Romero et al. (1988) ; Romero and Rehman (1984) ; Romero and Rehman (1985) ; Rehman and Romero (1993) ] and some empirical studies [Thampapillai and Sinden (1979) ; Flinn et al. (1980) ; Sankhayan et al. (1988) ; Berbel (1989) ; Manos (1991) ; Piech and Rehman (1993) considering multiple objectives and farmer's goals highlight the importance of this perspective in generating farm level feasible plans. It has been argued in these studies that multiple objectives are the rule in farm planning, the single objective is an exception. This seems to be the case whether the decision-maker is a farmer or a policy-maker [Romero and Rehman (1989) ]. In this study, the farm-planning problem handled by employing the analytical methods of the Multiple Criteria Decision-Making (MCDM) paradigm.
The Specific objectives of the study are:
(i) To elicit the importance given to a range of objectives by a representative sample of farmers in the 'rice-wheat' and 'cotton-wheat' zones of the Punjab; (ii) To build Linear Programming and Goal Programming (and its selected variants) models (MCDM) to analyse the economic implications of the adjustments of alternative crops in the cotton zone of Pakistan's Punjab; (iii) To draw broad implications from the study for research, extension and agricultural policy.
DATA COLLECTION AND ANALYTICAL METHODS
In the selection process farming systems where oilseed crops were already being cultivated were selected. It was presumed that successful adjustments of these crops in certain farming systems could help to understand the problems and prospects of their expansion at the same or other localities. Vehari as high oilseed producing districts from cotton-wheat farming systems of the Punjab province was chosen for this study. Selection of 6 sample villages and 70 respondents were accomplished in multiple visits to the sample district. The questionnaires were designed especially by considering the local references of storing and expressing information on the planning and management aspects of farms. The specific statements on current farm planning objectives were differentiated from general orientation of farmers towards their farming business.
The sequential analytical framework used in this study to build MCDM models at farm levels. First, the typification of farms was undertaken through numerical analysis of the farms as subjects. The typological variables were filtered through attitudinal variables to identify more realistic and dynamic representative farm situations. Cluster Analysis (CA) was used here to classify farms according to their similarity. Second, the 6 farm and family objectives were analysed to establish goal hierarchies and weights. The resulting typologies were then used to construct representative farm models in study zones. Base models of typical farms using linear programming techniques were developed which were later converted into their MCDM equivalent versions.
The lexicographic and weighted goal programming (LGP and WGP) are the two obvious MCDM methods where goal hierarchies and weights can be used in a straightforward manner; thus the WGP method has been selected for this study to use precise target values and weights that are relevant to the representative farm situations. Romero and Rehman (1989) point out that a decision-making problem of a modest level of 6 objective dimensions can be easily accommodated within the GP framework. The GP modelling approach is therefore, taken as the method to model the complex nature of the decision-making situations prevailing at representative farms.
THE EMPIRICAL RESULTS

Selection of Representative Farms
It is difficult to describe or comprehend fully the diversity of agricultural systems. Simplification for analysis is a practical necessity and it is also essential to simplify for an effective communication with agricultural practitioners [Marten (1988) ]. Sebillote (1996) indicated that for development actions it has been necessary to identify a few groups of production units that are homogeneous enough to produce diagnoses and to develop solutions and references for extension. The idea of recommendation domains is also in use for more efficient targeting of recommendations [Byerlee et al. (1980) ]. It is being established that when systems are too large or too complex to study in their entirety, subsystems may be identified which can be used separately [Mettrick (1993) ].
The representative farms were decided on the basis of their similarity to the average farm situations of each cluster of the two production zones. The similarity between the average farm and the observed farm was computed through the total distance between both, defined as the sum of the squared standardised difference between every variable of the farm and its group average.
The variability accounted for in the classificatory variables has the added advantage of ensuring the independence between the number of types retained. Perrot and Landais (1993) also recommend avoiding all purpose variables which are inevitably poorly adapted to cope with situational diversity. The distances between average and observed variables were computed for all the subsets of farms present on each cluster of the two production zones. Within each cluster the farm with the lowest aggregate distance was selected as a representative farm for building the MCDM models. Table 1 shows the partial and total deviation of a selected farm from its corresponding average farm. 
Estimation of Targets for Goals
The targets for the farm planning goals of the representative group of farms are derived from the data collected about the aspirations of farmers to improve their farming business. The targets of leisure goals are calculated for number of hours per day or the number of additional days per month a farmer wants to take-off. The debt financing or debt avoidance targets were estimated from the aspirations expressed by farmers, such as: (a) to reduce the present level of farm debts; and (b) the desire to borrow the amount that was needed to meet the working capital requirements of the next production cycle. The inventory enhancement targets were calculated from the aspirations of farmers to make the fullest use of operational land in terms of fixed farm resources. The hiring targets of farm resources (land, labour and equipment) were calculated from the present rate of the seasonal hiring to perform important farm operations. Employment of family labour on farm or off-farm was estimated by calculating: (a) the number of additional man days of family labour a typical farmer wants to employ on farm; or (b) the number of family members he wants to spare for off-farm employment opportunities. The family subsistence targets are estimated by calculating the minimum family food requirements both for quantity of farm output and minimum area allocation to achieve these output targets. The profitability targets are estimated by calculating the additional area a farmer wants to allocate to new enterprises or the increase in the productivity of existing enterprises he wants to achieve. The increment in the production of new and conventional enterprises aspired for estimated as the profitability targets of the farm planning decisions.
Specification of Single and Multiple Criteria Models
The modelling starts by building single criterion basic linear programming models to analyse the planning problem from the point of view of the general perceptions of the National Research System (NRS). These models then incorporate the system interactions and limitations, as they exist in reality, on the selection of alternative crop activities. Such versions of the basic models are christened Realistic Linear Programming (RLP) models here. Finally, the a priori absolute preferences of the DMs are used to convert the RLP models into their WGP versions. The stepwise improvement in the base LP models are considered to analyse the outcomes of these models with the existing beliefs and practices of the DMs working at research, extension and policy level. These alternative farm modelling approaches would provide an opportunity to assess how much the actually observed plans are deviating from the proposed plans.
The Objective Function in the Base Lp, Rlp, and Wgp Models
The objective function of the base LP models reflect the main decision criterion used at policy and research levels. It is presumed that the prime goal of farmers in their farm planning decisions is to obtain as high an annual income as possible and this is reflected in maximisation of total gross margin (GM) from various farming and non-farming activities. The decision variables such as alternative crop activities, labour hiring, capital borrowing and irrigation water hiring activities generate positive or negative activities for the objective function depending on weather they represent returns or costs. In total fifteen crop activities included in the base models comprise the complete range of alternative crop enterprises that farmers select from in the cotton-wheat zone.
The objective function in the realistic linear programming (RLP) models consists of additional activities of buying, selling and consumption activities. The selling activities are included for all crop enterprises whereas, buying activities were included for food and fodder crops only. The activities specified for RLP models have been disaggregated in order: (a) to have flexibility for making adjustments to the objective row coefficients for testing various hypothesis; and (b) to reduce or detect the chances of errors in specifying interactions among technical and economic coefficients of the models.
The achievement function in the GP model is formulated as the sum of deviations between the achievement of pre-specified goals and their targets. The farm planning goals are specified in the achievement function of the GP models as the minimisation of negative ( d -) or positive ( d + ) deviations which symbolise underachievement or over-achievement of each goal, respectively. The six objectives in the achievement function of the GP models are specified as 'maximising' or 'minimising' goals. For the maximising goals negative deviations are minimised and vice versa for the minimising goals. The six objectives that have been specified are:
(i) maximise family food requirements; (ii) minimising/maximising casual labour hiring; (iii) maximising fixed farm resources of family labour, permanent hired labour and seasonal land utilisation; (iv) maximising farm profits; (v) minimising working capital borrowing; and (vi) minimising/maximising area allocation to new crops.
The deviational variables in the achievement function of a GP model are measured in different units. For instance, labour is measured in hours, crop area in hactares, profit and capital borrowing in rupees, quantity of food consumed in monds. The deviational variable coefficients are therefore given in percentage deviations to overcome the problem of incommensurability of units by using the following manipulation, where t i represents target value for goal i:
The deviations are weighted according to the relative importance of each goal as required for the typical decision-making situations (see Table 2 ). The desirability of goals is indicated through minimising a specific set of negative or positive deviations. So, the expression becomes: 
The Matrices of Farm Planning Models
The base LP matrices are constructed for RFS to highlight the differences in the observed and predicted crop plans based on the single objective of profit maximisation. The matrices used in this analysis are of a moderate size (i.e. 55 rows and 51 columns) portraying the conventional production constraints of land, labour, capital, irrigation water and traction power. The additional resources (capital, labour and irrigation water) can be acquired in these models at the local market rates. No restrictions were imposed on the acquisition of these resources.
The structure of the base LP models where many functions were combined under a single activity were transformed into a set of disaggregated activities as RLP models, increasing the size of the matrix to 72 columns and 107 rows. The constraints used in these models are similar to the base LP models except that the resources use limits on labour hiring, capital borrowing and the choice of new crop enterprises were built as additional restraints. These limits on new crops highlight the risk aversion behaviour and crop diversification motives of the representative groups of farmers.
The matrices of RLP models are transformed to WGP models by introducing: (a) two deviational variables for each planning goal to convert an inequality into an equality; and (b) the conversion of resource availability limits into targets in accordance with the aspirations of the representative groups of farms. The RHS elements of the equalities of the GP models are specified as targets which may or may not be achieved. The WGP model is a 130 column (68 columns of real activities and 62 deviational variables) and 103 resource row matrix.
The Results of the Base LP Models
The results of the base LP models of the four RFSs are presented in Tables 3  and 4 . The actual crop plans and the plans predicted through single criterion optimisation models are presented together. The results show that during kharif season area allocation to cotton is at par both in the observed and model crop plans. The only difference is that model prefers growing cotton early rather than late and the same applies to wheat. The wheat crop is replaced substantially by sunflower in the optimum solutions of the representative farms. The model plans propose more than 50 percent area allocation to sunflower crop for the rabi season. The area allocation to other new crops like sugarcane, pepper, maize, mustard and lentil crops is non-existent in the model solutions. The sunflower and cotton crops grown for commercial purposes dominate the plans of the rabi and the kharif seasons respectively. The cropping intensity for the model plans increases to 200 percent indicating that two crops are grown on the same piece of land in two consecutive seasons during the year. The model solutions conform exactly in the way the research and extension system advocate the timely cultivation of these crops should take place.
The Results of the RLP Models
The results derived from realistic linear programming models indicate the cautious attitude of farmers in committing scarce farm resources to adopt new technological innovations. Farmers are generally more cautious in the adoption of a package of technology rather than the component technologies of a package. The rapid adoption of the B-385 rice variety and slower adoption of sunflower, soybean and mustard are the recent examples of such adoption phenomenon observed in Pakistan [Sharif et al. (1989) ; Shafiq et al. (1990) ; Ministry of Food and Agriculture (1995)].
From the 'new' crops sugarcane, sunflower and mustard crops entered in the RLP model solutions. Relatively, higher proportion (46 percent) of land was allocated to sunflower in the model solution of RFS-C as compared to the other farm situations. The area allocation to sunflower crop is reduced considerably in the RLP model plans as compared with the LP plans, resulting in more area being allocated to normally and late planted wheat. The restriction on the traction power to plant timely cotton crop and the capital and labour limits for sunflower production are the main reason behind these changes in the proposed plans of the RLP models.
The Goal Programming Models
The results derived from the GP models reflect the interaction effect of real constraints on farm resources and the crop planning objectives of the representative farms. In the WGP model for the RFS-A, RFS-B and RFS-C situations the underachievement of 'land use', 'gross margin', and 'family food' goals are minimised. The over-achievements are minimised for 'labour hiring' and 'capital borrowing' goals. For the RFS-D situation the over-achievement of the 'new crop technologies' goal is minimised. These alternative crop-planning situations are examined through running WGP models and the results are presented in Tables 5-8. The RFS-A situation represents the majority of the small farmers in the cotton zone who want to have stable income through crop diversification. The sugarcane and pepper crops appear in the WGP solution as a result of higher weights assigned by the farmers to the 'new crop technologies' goal (Table 5) . The model substituted both late sown wheat and cotton crops area by new crops. The GM in the WGP plan is reduced by up to 10 percent when compared to the single criterion RLP model. The cropping intensity increased to 200 percent. The targets of 'land use' and the area allocated to 'new crops' and 'food crops', are achieved fully (Tables 6 and 7) . The targets for hiring labour were not specified in this model, as the farmers use family labour for all types of work on farm. The family labour is also surplus in all periods. It was used to the maximum extent of 70-80 percent in May, July and October periods. The capital borrowing targets in two critical demand periods (December-February and June-August) are fully met.
The RFS-B represents the large farmers' situation who are in a transition stage. In the GP model solutions, the area under late sown cotton and wheat is replaced by sunflower and mustard crops. The higher weights assigned by the farmers to 'capital borrowing' and to 'land use' goals are the main reason behind these alterations. Hence, more crop diversification is found in the solutions obtained through GP model. There is no capital borrowing in all three high capital demand periods in the WGP solutions ( Table 7) . The cropping intensity has also increased by 10 percent in the GP solutions as compared to the RLP ones. The area allocation target for the new crops and the land use intensity targets have been achieved exactly. The regular and the hired labour use targets are under-achieved for most of the labour demanding periods. In order to implement the GP solution 160 hours of hired labour are required in February to implement the GP model solution.
The area allocated to wheat is more than twice what is required for meeting the family food targets. Only the timely planted wheat activity is selected in the GP solution for the family needs and for selling the surplus in the market.
The RFS-C model represents the farm situations where farmers are really interested in trying out the new crop technologies, either in component or in package form. The WGP plans of this farm situation reflect the new crops oriented planning goals and aspirations of the farmers. There is no area allocated to late sown wheat both in the RLP and the WGP models. About half of the area allocated to timely planted wheat is also replaced by new alternative crops (Table 8) .
The maize crop is also included in the WGP crop planning solution. The area allocated to sunflower increased on both types of land. The planning solutions of the WGP models are more crop intensive than the RLP model plans. About 7 percent increase in GM could be achieved by implementing the GP model plans as compared with the RLP plans. The 'capital borrowing' target set for December to February period was met exactly (Table 10) .
No borrowing is required to be made for the March-May and June-August periods. The land use intensity target is under-achieved by 6 percent and 5 percent for the rabi and kharif seasons, respectively. The target set for the wheat as a food crop is slightly surpassed. The targets of area allocation to sunflower and mustard crops are over-achieved by 41 percent and 15 percent respectively. Similar to the other farm situations the regular labour use targets were under-achieved considerably ( Table 9 ). The hired labour requirements are over-achieved by 6 percent for the October and November period. The GM target is under-achieved by 4 percent.
The RFS-D is a typical farm situation where farmers follow mainly the predominant cropping system of the area. A majority of these farmers are risk averse and are not very interested trying out new crop enterprises requiring additional skills and in certain cases specialised production resources as well. The sunflower planter implement is an example, which is required to sow hybrid sunflower seed at proper depth and at uniform distance. The new crop technologies are used as minimising goal in the GP model of the RFS-D situation. The model solution reflects the deliberate attitudes of farmers towards the inclusion of new crops in their farm plans. The maize crop is included in the plan with a partial replacement of area allocated to late wheat crop (Table 8 ). The total GM of the WGP plan is 2 percent higher than the RLP plan with some minor crop adjustments. The higher weight attached to minimising the goal of capital borrowing could be the possible reason for this adjustment in the WGP model plan.
The target set for the sunflower and mustard crops are under-achieved in the solution by more than one half of a percent (Table 10 ). The target set for wheat crop is over-achieved by 55 percent. The capital borrowing and the labour hiring targets are slightly under-achieved. The achievement of the targets of regular farm labour are considerably under-achieved during the November-April period (Table 9) . However, their use is quite high when compared to the May-October period. The regular hired labour use target is over-achieved by 13 percent during October. Although regular hired labour is surplus during most of the time in a year, but the scarcity of casual labour during peak demand periods indicates farmers' rationality to hire labour on an annual basis.
CONCLUSIONS AND RECOMMENDATIONS
The use of the LP, RLP and WGP models highlighted the differences in the solutions of the single criterion and multi-criteria farm planning models. The result of LP models shows how idealistically the decision-makers at research and policy level think that their objectives can be achieved. The results from the RLP models represent the optimum crop plans under the realistic resource use situation of the representative farms. The WGP models provide solutions that are closer to the planning goals and aspirations of the farmers.
The results obtained from the WGP models are closer to the real resource situations and the planning goals of the representative groups of farms. The casual labour hiring and the capital borrowing minimising targets are fully achieved for all of the farm situations. The minor adjustments in the crop plans resulted into a considerable decrease in the use of scarce farm resources at critical times. Borrowing of capital is fully eliminated in the WGP solution of the RFS-B situation, which accounts at quite a high level, in the LP and RLP solutions. This activity is also reduced or confined to one critical demand period for other situations as well. The GM is slightly reduced for the first two farm situations and increased for the rest of the representative farms. The soft restraints of the WGP model have provided useful information about the additional labour resources required to implement the proposed crop plans of the model. The differences in the goal weights and the targets of the representative farm situations are reflected in the level of the inclusion of sunflower and mustard crops in the model solutions. More area is allocated to oilseed crops on those farms, where either there is the previous experience of growing this crop or there is interest in crop diversification. On the other hand less area is allocated to oilseeds on specialist farms.
The representative farm situations, where oilseed crops are not currently included in the crop plans, can be used for developing strategies for future promotion of the oilseed crops by the agricultural research and development system. The framework of analysis validated in the cotton-wheat system could be replicated more rigorously for the same or other potential farming systems. The methods can be used to explore the adjustment potential of other candidate crops (oilseed and pulses) on representative farm situations for diverse ecological conditions. Specific knowledge about crop planning decisions ought to be generated to facilitate decision-making at research, policy, extension and farm levels.
